Abstract: Human beings have been benefiting from geothermal energy for different uses since the dawn of the civilisation in many parts of the world. One of the earliest uses of geothermal energy was for heating and it was used extensively by Romans in Turkey. The Aegean region is favoured by a large number of thermal springs known since ancient times. However, it was first in the 20th century that geothermal energy was used on a large scale for direct use and electricity generation. The country's installed heat capacity is 2,705 MWt for direct use and 322.39 MWe for power production. In parallel to developing geothermal energy applications in Turkey, many sites are now experiencing problems such as water contamination associated with geothermal fluid. Especially, the high temperature solution of elements and compounds, causes operational limitations in geothermal power plants. These limitations are due to the severe scaling and corrosion of geothermal fluid.
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Brief historical review of geothermal energy in Anatolia and modern Turkey
Turkey is favored by a large number of thermal springs known since classical and even prehistoric times. Especially, geothermal energy was used extensively for heating purposes in Anatolia since Romans era [Figures 1(a) to 1(f)]. Utilisation of the geothermal areas is mainly concentrated around several regions in Turkey. One of them is an ancient Roman city 'Hierapolis' (today Pamukkale) also called 'sacred city' founded in the 2nd century B.C. in which the ruins of it is the temples, theatres and baths have remained today. In this era, thermal water was used not only for bathing but also thanks to its unique quality the carpets were dyed in for assuring vividness of its colors for its lifetime. Today, Pamukkale (Hierapolis) is a popular tourist attraction and frequently visited for its travertine landscape and therapeutic advantages. About 5 km from Pamukkale, Karahayıt settlement was located with its therapeutic benefits. This region is also rich in geothermal water sources, as well as thermomineral red iron muds. Perhaps, the most breathtaking sights in the hilly landscape of this area are the calciferous springs and cotton-colored terraces, and the dramatic view of the remains of the important Roman city of Hierapolis, founded by Eumenes II (King of Pergamon) in the 2nd century BC. Hierapolis reached its golden age in the 2nd and 3rd centuries, and became a famous city for its baths, fed by the hot nearby springs. Among several interesting monuments in the ruins of the antique city are the marble statues and architectural elements are preserved in one of the chambers of the old Roman Baths, called the Great Baths (Baba and Özbek, 2005) . Asclepieion in Pergamon is known for Hellenistic culture and architecture. Pergamon had its own 'sacral-healing centre' -Asclepieion, built as a place of worship and cult of Asclepios (a Greek god of medicine). A system of temples and other structures was built in the vicinity of radioactive geothermal springs. Interestingly, The Greek priests, physicists, and philosophers developed a school of healing in Pergamon, which can be called terraces formed by calcite precipitation from geothermal water. Special care was taken to rehabilitate the health in physical and spiritual aspects applying a combination of treatments such as treatment with hot waters and herbs being the most fundamental ones. Patients were treated with baths in geothermal waters, drinking of thermal waters, irrigations, massages, herbal therapies, diets, fasts, therapy through dreaming, autosuggestion, guided suggestion, and music. The Pergamon area is known for its geothermal springs even today. It can be seen many geothermal ruins in different parts of Turkey. 
Geothermal energy in Turkey
Anatolia region is one of the most seismically active regions in the world, has a considerably high level of geothermal energy potential thanks to its geological and tectonic settings. Turkey is located within the Mediterranean Earthquake Belt, the complex deformation of which results from the continental collision between the African and Eurasian plates (Bozkurt, 2001) . The border of these plates constitutes seismic belts marked by young volcanics and active faults with the latter allowing circulation of water and heat. The distribution of hot springs in Turkey roughly coincides with the distribution of the fault systems, young volcanism and hydrothermally altered areas (Simsek et al., 2002) . Geothermal exploration studies in Turkey began in 1962 by the General Directorate of Mineral Research and Exploration (MTA): by the end of 2010, a total of 498 wells with total depth of 242,500 m had been drilled (Mutlu et al., 2014) . There are a total of about 1,500 thermal and mineral water spring groups sped all over the country (Simsek et al., 2002; MTA, 1980; Simsek, 2009) (Figure 2 ). Most of these geothermal fluids have been seen in western Turkey. The highest (287°C) bottom hole temperatures has been measured in western Turkey. The General Directorate of Mineral Research and Exploration of Turkey (MTA) did the first geothermal drilling studies in the region in 1963 in Balçova (İzmir). A district heating system with a total capacity of 2.2 MWt began its operation in 1983 for heating offices, hospital, and dormitories of Dokuz Eylül University (~30,000 m 2 ). Furthermore, heating system for Turkey's largest indoor swimming pool, which has capacity of 1,600,000 kcal/h (~6,694 MJ/h), began operation with using the regional geothermal energy in February 1987 (Parlaktuna, 2014) [ Figure 3(a) ]. Many cities such as Afyon, Simav (Kutahya), Diyadin (Ağrı), and Salihli (Manisa) are currently using geothermal energy for space heating in the last ten years [Figures 3(b) to 3(d)]. In Turkey, geothermal energy is also used in various applications such as electricity generation, greenhouse and district heating, industrial processes, and balneology [Figures 3(b) to 3(d)]. Most of geothermal sites are low-medium enthalpy fields, which are suitable mostly for direct-use applications such as district heating, greenhouse heating, thermal facilities and balneology (Simsek, 2009; Baba and Ármannsson, 2006) . The installed capacity is 2,705 MWt for direct use (heating) and 322.39 MWe for power generation (Table 1 ). In addition, some geothermal power plants are under construction and some of them are in planning stage in western part of Turkey (Table 2 ). Source: Baba and Sözbilir (2012) Generally, the chemical composition of each geothermal field is quite different from the others because of the complex lithology, tectonics and volcanic activity of Turkey (see Figure 4 ). For example, high temperature wells of Gümüşköy region are characterised by higher mineralisation with the predominant ions being Na + , K + and Cl -, and HCO 3 -. On the other hand, the mineralisation of the 'low temperature' springs of Argavlı and Sazlıköy is much lower and dominated by the presence of Ca 2+ , Mg 2+ , and HCO 3 (Baba and Sözbilir, 2012) . The majority of thermal waters are of Na + -Ca 2+ -HCO 3 = type in Turkey, although Na + -Cl -type waters characterise the coastal sites in western Anatolia reflecting sea water intrusion into the aquifers (Mutlu and Güleç, 1998; Baba and Sözbilir, 2012) . The reservoir temperatures being assessed via the application of various geothermometers and/or measured in boreholes indicate that the western Anatolian province displays the highest geothermal potential in Turkey (Mutlu and Güleç, 1998) . The HCO 3 nature of most samples is attributed to the interaction between waters and carbonate reservoir rocks. This is also supported by the fact that Palaeozoic marbles, Mesozoic recrystallised limestones and Tertiary carbonate deposits comprise the reservoir rocks in most parts of Turkey (Mutlu et al., 2014; Mutlu and Güleç, 1998) .
Geothermal fluids encountered in Turkey such as Tuzla (Çanakkale), Seferihisar (İzmir), Gülbahce (Urla) and Çesme (izmir) can be classified chemically as 95% encrusting. These geothermal fluids are highly corrosive. In three of the 140 geothermal fields, the total dissolved solids (TDS) concentration in the geothermal fluid exceeds 5,000 ppm and could cause serious utilisation problems and environmental impacts (Baba and Ármannsson, 2006; Gemici and Filiz, 2001; Mützenberg, 1997) .
Technical problems and environmental impacts from geothermal systems exploitation
Geothermal energy is widely used for many applications such as power generation, district heating, chemical production, snow melting, fish production, industry and thermal tourism. However, geothermal brine can be extremely difficult to handle. Geothermal fluid display high contents of elements and gases. Therefore, they can severely affect the environment such as surface and groundwater in Turkey [Figure 5(a) ]. In essence, with its high dissolved constituents and thermal content, geothermal fluid is known to have significant impacts on environment when disposed in an uncontrolled manner. In parallel to developing geothermal energy applications in Turkey, many sites are now experiencing impacts associated with not only waste geothermal fluid disposal but also uncontrolled surface eruptions during drilling operations [Figure 5(b) ]. Also, serious environmental problems can arise during drilling phase. For example, a typical geothermal drill blew up and caused significant thermal and chemical contamination in Gediz gaben (western Turkey). The drilling site is surrounded by grape field damaged due to the explosions [Figure 5(b) ]. The results show that uncontrolled geothermal fluid eruptions have been influenced groundwater resources of the area where water resources are commonly used for agricultural irrigation (Baba and Murathan, 2013 (Doğan et al., 2014; Baba et al., 2015) . 
Conclusions
Turkey has many thermal springs known since classical and even prehistoric times. Geothermal energy has been extensively used for heating since Roman times in Anatolia. Volcanic and tectonic activities have given rise to over 1,500 geothermal springs. Their importance has been recognised decades ago and the geothermal fluids have been utilised for district heating, industrial processing, domestic water supply, balneology and electric power generation. Installed heat capacity of Turkey is approximately 2,705 MWt for direct use and 322.39 MWe for power generation. The majority of thermal waters are of Na + -Ca 2+ -HCO 3 = type, although Na + -Cl -type waters characterise the coastal sites in western Anatolia reflecting sea water intrusion into the aquifers. Geothermal brines contain high element and gas amounts and thus can be extremely difficult to handle in geothermal operations. Geothermal fluid includes high elevation elements and gases in Turkey. Furthermore, in parallel to developing geothermal energy applications in Turkey, many sites have been come across environmental problems such as surface and groundwater contamination. It is important to monitor impacts of geothermal systems on water resources and soil.
